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@ A process for firing ceramic shaped bodies and a tunnel kiln used therefor. 

© A process for firing ceramic shaped bodies is disclosed, 
which comprises the step of raising the temperature in the 
temperature range up to the decomposing temperature of a 
shaping aid contained in the ceramic shaped body more slowly 
than in the temperature range from the decomposing tempera- 
ture to the firing temperature. This reduces the occurrence of 
cracks or deformations. A tunnel kiln for carrying out this 
process comprises a preheating zone, a firing zone, a waste 
heat zone, combustion burners provided at the firing zone 
exhaust means provided at an inlet side of the preheating zone 
for evacuating from the kiln combustion gases from the 
combustion burners and another exhaust means provided at a 
higher temperature location of preheating zone for evacuating 
combustion gases from the kiln. 
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Description 

A PROCESS FOR FIRING CERAMIC SHAPED BODIES AND A TUNNEL KILN USED THEREFOR 



The present invention relates to a process for 
firing ceramic shaped bodies, particularly, ceramic 
honeycomb structural bodies, and to a firing kiln 5 
adapted for effecting such a process. 

Heretofore, a tunnel kiln as shown in Fig. 4 has 
been used for firing ceramic honeycomb structural 
bodies from the standpoint of mass productivity. The 
tunnel kiln is generally constituted by a preheating 10 
zone 11, a firing zone 12, and a waste heat zone 13. 
Combustion gases generated from combustion 
burners 14 provided at the firing zone 12 are 
evacuated outside the kiln through the preheating 
zone 11 by suction forces of an exhaust fan 15 15 
provided at a low temperature section of the 
preheating zone 11 on the inlet side. In the tunnel 
kiln of this structure, as shown in Fig. 5, the firing 
condition is constituted by a temperature-rising 
section, a sintering section in which a constant 20 
temperature is maintained, and a temperature-de- 
scending section. 

However, if ceramic shaped bodies are fired under 
such firing conditions, firing cracks or deformation 
occur in some of fired products. In particular, 25 
occurrence of such defects is more frequent in the 
case of ceramic honeycomb structural bodies 
having a number of through holes. 

It is an object of the present invention to solve the 
above-mentioned problems, and to provide a firing 30 
process which produces fired products free or more 
free from defects, as well as a tunnel kiln useful in 
the process. 

The ceramic-firing process according to the 
present invention is characterized in that a heating 35 
rate until a decomposing temperature of a shaping 
aid for ceramic shaped bodies is set smaller than 
that in a range from the decomposing temperature 
to a sintering temperature. 

The firing kiln according to the present invention is 40 
a tunnel kiln which is constituted by a preheating 
zone, a firing zone, and a waste heat zone, and in 
which combustion gases from combustion burners 
provided at the firing zone are evacuated outside the 
kiln by evacuating means provided at an inlet side of 45 
the preheating zone, and is characterized in that an 
exhaust pipe is provided at a high temperature 
section of an outlet side of the preheating zone for 
evacuating the combustion gases outside the kiln. 

In the above construction, since the heating rate 50 
until the decomposing temperature of the shaping 
aid is slow, thermal decomposition of the shaping aid 
is made uniform so that neither firing cracks nor 
firing deformation occur. 

Further, the above ceramic-firing conditions can 55 
be attained merely by providing the exhaust means 
at the high temperature section of the preheating 
zone on the outlet side. 

These and other optional features and advantages 
of the invention will be appreciated upon reading of 60 
the following description of the invention when taken 
in conjunction with the attached drawings, with the 
understanding that some modifications, variations. 



and changes of the same could be made by the 
skilled person in the art to which the invention 
pertains. 

For a better understanding of the invention, 
reference is made to the attached drawings, 
wherein: 

Fig. 1 is a diagram showing a firing condition 
of an example of the ceramic-firing process 
according to the present invention; 

Fig. 2 is a side view of a tunnel kiln as an 
embodiment of the present invention; 

Fig. 3 is a concept view illustrating the 
construction of another embodiment of the 
tunnel kiln for effecting the firing process 
according to the present invention; 

Fig. 4 is a concept view illustrating the 
construction of a tunnel kiln for effecting a 
conventional firing process; 

Fig. 5 is a diagram illustrating an example of a 
heat curve of the tunnel kiln shown in Fig. 4; and 
Fig. 6 is a diagram illustrating differences in 
temperature between an inner portion and an 
outer portion of a fired product obtained by the 
conventional process. 
The ceramic-firing process and apparatus accord- 
ing to the present invention are based on knowledge 
obtained by examining conventional firing kilns and 
their firing conditions. 

That is, the temperature distribution in the outer 
surface and the inside of the ceramic shaped body 
under the conventional firing conditions is that a 
shaping aid contained in the shaped body is 
thermally decomposed at 150 to 300° C, and owing 
to this, heat is first generated at the outer periphery 
of the ceramic shaped body, and then generated 
inside. Although heat generated at the outer periph- 
ery is easily dissipated, heat generated inside is 
accumulated without being dissipated. Therefore, it 
is found out that as shown in Fig. 6, temperature 
difference occurs between the outer surface and the 
inside of the ceramic shaped body so that firing 
cracks are likely to occur, in particular, since the 
extrusion shaping is employed for the ceramic 
honeycomb shaped bodies from the structural 
standpoint, a considerable amount of a shaping aid 
is contained. It is also found out that because 
partition walls constituting through holes are thin, 
firing cracks or thermal deformation is likely to occur 
due to slight change in temperature distribution. 

Therefore, as Fig. 1 shows the relationship 
between the firing temperature and the time, 
according to the ceramic-firing process of the 
present invention, a heating rate in a temperature 
range from a firing-starting point A to a point B at 
which a shaping aid contained in a ceramic shaped 
body is thermally decomposed is made smaller than 
that in a temperature range from the point B to a 
sintering temperature C. 

The shaping aid may involve binders such as 
methyl cellulose, carboxylmethyl cellulose, polyvinyl 
alcohol, starch paste, etc., a surface active agent, a 
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lubricant such as wax. and the like. Therefore, the 
thermally decomposing temperature is specifically 
determined depending upon the kinds of the 
shaping aid, and therefore, the heating rate can be 
determined based on the dimension and shape of 
the shaped body and the content of the shaping aid. 

For instance, when a body in which a shaping aid 
mainly composed of methyl cellulose is added to raw 
materials of talc, kaoline and alumina is extruded in 
the form of a honeycomb structure, a cordierite 
ceramic honeycomb structural body can be ob- 
tained by heating the shaped body such that the 
heating rate is set at 80 to 90°C/h in a range up to 
the decomposing temperature, 200° C, of methyl 
cellulose, and at 100 to 120°C/h in a range from 
200° C to 1,400°C at which the shaped body is 
maintained during sintering. 

The heating rate in the temperature range from the 
thermally decomposing temperature B to the sinter- 
ing temperature C is set such that delay in raising the 
temperature from A to B is complemented to make 
up the firing temperature. 

Next, the firing kiln according to the present 
invention will be explained in more detail below with 
reference to the attached drawings. 

Fig. 2 is a concept view illustrating the construc- 
tion of an embodiment of the tunnel kiln for effecting 
the firing process according to the present inven- 
tion. In this embodiment, the tunnel kiln is con* 
stituted by a preheating zone 1 , a firing zone 2 and a 
waste heat zone 3. An exhaust fan 4 is provided at an 
inlet side of a low temperature section of the 
preheating zone 1 for evacuating a combustion 
waste gas. Another exhaust fan 5 is provided at an 
outlet side of a high temperature section of the 
preheating zone 1 for evacuating the high tempera- 
ture gas. 

When the preheating zone 1 is constituted as 
above, the combustion gases generated by bur- 
ners 6 positioned in the firing zone 2 are sucked by 
the exhaust fan 4 at the inlet side of the preheating 
zone 1 to generate the combustion gas stream, 
while the high temperature gas is sucked midway of 
this stream by means of the exhaust fan 5. Thereby, 
the firing condition as shown in Fig. 1 is attained for 
the tunnel kiln. By varying the exhaust amount of the 
high temperature gas through the exhaust fan 5, the 
heating rate can arbitrarily be varied. As a result, the 
heating rate of the shaping aid in the ceramic shaped 
body to be fired can be retarded near the decom- 
posing temperature thereof so that temperature 
difference between the inside and the outer portion 
of the shaped body due to the decomposition of the 
shaping aid can be diminished. 

Fig. 3 is a concept view illustrating another tunnel 
kiln for effecting the firing process according to the 
present invention. The same reference numerals in 
Fig. 2 are given to the same or similar parts In Fig. 4 
as in the embodiment of Fig. 2, and explanation 
thereof is omitted. The embodiment in Fig. 3 differs 
from that of Fig. 1 in that a high temperature gas at a 
high temperature section of a preheating zone 1 is 
evacuated by an exhaust fan 5, and supplied to a low 
temperature section of the preheating zone 1 
through a temperature adjusting means 7. 



When a great amount of the combustion gas is 
evacuated outside the kiln by means of the exhaust 
fan 5 to decrease the temperature-rising rate in the 
preheating zone as a temperature zone in which the 
5 shaping aid is decomposed, an amount of the gas 
circulated to the side of the exhaust fan 4 on the inlet 
side of the tunnel kiln decreases. 

When the amount of the circulated gas decreases, 
the circulated gas tends to pass on the upper side of 

10 the kiln, that is, on a ceiling side of the kiln, because 
the temperature of the circulated gas is high. As a 
result, temperature difference occurs between the 
kiln bottom portion and the kiln upper portion, so 
that firing cracks or deformation occur in the fired 

15 shaped body due to such a temperature difference. 
In order to prevent this phenomenon, the gas 
once discharged outside the kiln by the exhaust 
fan 5 is circulated to the low temperature section of 
the preheating zone, thereby removing the tempera- 

20 ture difference between the upper portion and the 
bottom portion of the kiln. 

The temperature of the combustion gas is con- 
trolled by a temperature adjuster 7 such as a heat 
exchanger or by changing the amount of the gas to 

25 be circulated. In Fig. 3, the temperature adjuster 7 is 
depicted to have a flow-controlling function, but a 
flow controller may be provided separately from the 
temperature adjuster. 

In the above construction, the temperature of the 

30 preheating zone can be unformalized, and heat 
incomings and outgoings can be improved by 
recycling the exhaust gas. 

As a matter of course, the present invention is not 
limited to the above-mentioned embodiments, but 

35 various modifications, variations and changes of the 
same could be made. For instance, although a single 
exhaust fan is provided in each of the low and high 
temperature sections of the preheating zone at the 
inlet side and the outlet side, respectively, in the 

40 above-mentioned embodiments, needless to say, 
the number of the exhaust fan is not limited to one. 

As is clear from the foregoing explanation, 
according to the firing process of the present 
invention, since the thermal decomposition of the 

45 shaping aid gradually proceeds, neither firing cracks 
nor deformation occur. Furthermore, in the tunnel 
kiln according to the present invention, the exhaust 
fan is provided at the high temperature section of the 
preheating zone at the outlet side for evacuating a 

50 given amount of the high temperature gas through 
the exhaust fan. Thereby, desired firing conditions 
can be attained during the firing. Consequently, 
since the temperature difference between the inner 
portion and the outer portion of the shaped body 

55 during the firing is removed, the fired product free 
from cracks can be obtained. 



Claims 

60 

1. A process for firing ceramic shaped 
bodies, which comprises the step of making the 
temperature increase rate in a temperature 
range up to a decomposing temperature of a 
65 shaping aid contained in the ceramic shaped 
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body smaller than that in a temperature range 
from the decomposing temperature to a firing 
temperature. 

2. A tunnel kiln comprising a preheating zone, 
a firing zone, a waste heat zone, combustion 5 
burners provided at the firing zone, an exhaust 
means provided at an inlet side of the preheat- 
ing zone, said exhaust means being adapted for 
evacuating combustion gases from the com- 
bustion burners from the kiln, and another 10 
exhaust means provided in a high temperature 
section of the preheating zone, said another 
exhaust means being adapted for evacuating 
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60 
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combustion gases from the kiln. 

3. The tunnel kiln according to claim 2, 
wherein said another exhaust means is con- 
nected to an upstream portion of the preheating 
zone for circulating at least part of the combus- 
tion gases evacuated through said another 
exhaust means. 

4. The tunnel kiln according to claim 3, 
wherein said another exhaust means is con- 
nected to the upstream portion of the preheat- 
ing zone via a temperature adjuster. 
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